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SECTION A

Answer ALL questions.

For questions 1-10, in Section A, select one answer from A to D and put a cross in the box X. If you
change your mind, put a line through the box 2 and then mark your new answer with a cross X.

1  Which of the following is a scalar quantity?

N

(|
(|
(|

N

(|
(|
(|

displacement
moment of a force

power

T O = »

weight

(Total for Question 1 = 1 mark)

Which of the following describes gravitational field strength?

A weight per unit mass

B acceleration per unit mass

C gravitational potential energy per unit mass
D acceleration per unit weight

(Total for Question 2 = 1 mark)
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3 An object of mass m is resting on top of a spring. The spring is compressed a further
distance Ax by a vertical force F. The force is removed and the spring returns to its
original length as shown.

object

When Ax becomes zero the object has a vertical speed v.

Which of the following equations describes the energy transfer as the spring returns to
its original length?

1 1
0 A —FAx=—mVvV -mgAx —
2 2
1 T
] B EFAXZEmv+mgAx —
1 2
L cC Fszzmv—mgAx —
1 2
] D FAXZEmv+mgAx —

(Total for Question 3 = 1 mark)
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4 A student measures the time taken for a steel ball bearing to fall a measured distance in
air. The student uses these measurements to determine the acceleration due to gravity.

Which of the following conditions is needed to determine an accurate value for the
acceleration due to gravity?

N

(|
(|
(|

A The air flow around the ball bearing should be laminar.

B The time taken to achieve terminal velocity should be short.

C The ball bearing should begin to fall before the timer is started.

D Air resistance and upthrust should both be negligible.

(Total for Question 4 = 1 mark)

5 A racing car passes point P at a speed of 35ms .

The car accelerates uniformly and after 5.0s passes point Q at a speed of 50ms ',
as shown.

P Q

t=0.0s t=5.0s
! 35ms” ! 50ms’’
| —> ! —>

Which of the following expressions gives the distance s, in metres, between the
two points?

N

50% — 35°
2x%X5

B (35x5)+(0.5x9.81x5?)

C 0.5x(35+50)x5

D 35+ (9.81 x5)

(Total for Question 5 = 1 mark)
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6 A soap bubble is being blown by the wind. The free-body force diagram shows the
forces acting on the bubble. P is the force of the wind, W is the weight of the bubble
and U is the upthrust acting on the bubble.

Which of the following vector diagrams shows the resultant force F' acting on
the bubble?

5 ) B O
°c O = »

(Total for Question 6 = 1 mark)

5
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7 A person threw a ball vertically up in the air and caught the ball a few seconds later.
The graph of vertical displacement against time for the ball is shown.

Displacement

Time

Which graph shows the acceleration of the ball against time?

Acceleration Acceleration

Time Time

Acceleration Acceleration

/ Time N’ime

m— LJ A
m— ] B
m— ] cC
m— [J D
(Total for Question 7 = 1 mark)
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8 A motor lifts a mass of 50000kg through a vertical height of 25m.

The motor has an output power of 700 kW.

Which of the following gives the time in seconds taken to lift the mass?

N

C

D

50000 x 25
700000
50000 x 9.81 x 25
700000
50000 x 25
700

50000 x 9.81 x 25
700

(Total for Question 8 = 1 mark)

9 A student carries out an experiment to determine the Young modulus of copper.

The student adds known masses to a copper wire and measures the corresponding
extensions of the wire.

Which other quantities should the student measure directly?

N

0
0
0

EEOCm

S a =

diameter and mass of the wire

diameter and original length of the wire
radius and mass of the wire

radius and original length of the wire

(Total for Question 9 = 1 mark)
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10 Two forces make a Newton’s third law pair. 5

Which of the following statements is true for these forces? ‘o

0\

[ A They act in different directions on the same body. g

. . -

[J B They are the same type of force and act on different bodies. =

RIS

[J C They have different magnitudes and act in different directions. _ﬁ;\

[ D They are the same type of force and have different magnitudes. E

b i

(Total for Question 10 = 1 mark) o
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SECTION B
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Answer ALL questions in the spaces provided.
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11 A stone is projected horizontally from a cliff.
The initial horizontal velocity of the stone is 3.8ms .

The initial height of the stone is 12m, as shown.

3.8ms’

12m

o
o
Qs;
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Calculate the horizontal distance from the bottom of the cliff to where the stone hits
the ground.

O
X
FLd
<K
S
%S

6K
%%
(9
|
<]
%

Horizontal distance = ...

(Total for Question 11 = 3 marks)
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12

A student determined the viscosity of a liquid using the falling-ball method.
(a) When the ball is falling at terminal velocity the following equation applies
drag force = weight of ball — upthrust
The density of the liquid was known.
The student used a balance and a digital calliper to make measurements on the ball.

Describe how the student could use her measurements to calculate a value for the
drag force acting on the ball.

(b) When falling through the liquid, the ball reached terminal velocity.

The flow of liquid around the ball was laminar.
Calculate the viscosity of the liquid.

terminal velocity of ball = 5.4 x 10 *ms'
radius of ball = 0.50 x 10°m
drag force = 1.1 x 10°N

10

Viscosity of liquid= ...

(Total for Question 12 = 6 marks)
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13 A builder is making a path using uniform rectangular stones. A stone is resting
horizontally on a step and is held in equilibrium by the builder’s foot.

The centre of gravity of the stone is at its centre, as shown.

centre of gravity
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(b) The builder applies the minimum force P that will keep the stone in equilibrium.

(1) The position and direction of P are shown on the diagram below.

centre of gravity

vt

<—090m ——>

Complete the diagram above by adding labelled arrows to show the positions
and directions of the other forces acting on the stone.

(i1) The stone has a weight of 415N and a length of 0.90 m.

The length of the stone beyond the edge of the step is 0.50m, as shown below.

0.90m
R s ( stone
step 0.50m
|
The centre of gravity is at the centre of the stone.
Calculate the magnitude of P.
Magnitude of P= ...

(Total for Question 13 = 8 marks)
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14 An engineer is designing a metal part for a machine. The part is in the form of a
cylindrical rod. The part is designed to behave elastically when compressive forces are
applied, as shown.

cylindrical rod

~compressive force -

(a) State what is meant by elastic deformation.

(b) A compressive stress-strain graph for one metal is shown.

Stress/10%Pa

5.0 4

4.0 1

3.0

2.0 1

1.0 H

0.0 ! ! ! !
0.0 0.5 1.0 1.5 2.0

Strain/10~
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(i) Show that the Young modulus for this metal is about 2 x 10" Pa.

(2)
(1i1)) The metal part must not compress more than 0.60 mm when a force
of 9.5 x 10°N is applied.
Deduce whether this metal is suitable for the part.
length of part = 0.84m
cross-sectional area of part = 4.8 x 10°m’
“4)

(Total for Question 14 = 7 marks)
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15 A gymnast bounces on a trampoline.

For part of each bounce, the gymnast is in contact with the trampoline. For the rest of
each bounce the gymnast is in the air, as shown.

gymnast

trampoline

(a) The trampoline gives the gymnast a maximum upward acceleration of 14.2ms .
Calculate the maximum upward force of the trampoline on the gymnast.

mass of gymnast = 58 kg

16
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(b) The trampoline is made of a sheet of material attached to a frame by springs.

The vertical components of the tension in the springs provide the upward force on
the gymnast.

The vertical component of the tension in one spring is 68 N when the spring makes
an angle to the horizontal of 14°, as shown below.

Not to scale

tension

(i) The extension of the spring was 4.6 x 10 m.

Calculate the stiffness of the spring.

17
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*(c) The vertical acceleration of the gymnast varies while she is in contact with
the trampoline.

Explain how the forces on the gymnast affect the vertical acceleration while she is
in contact with the trampoline.

Your answer should identify the forces acting on the gymnast and the directions of
the forces. Ignore air resistance.

(Total for Question 15 = 14 marks)
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16

A spaceship is used to take astronauts and equipment to the International Space Station.
The spaceship consists of an orbital module, a descent module and a service module,
as shown.

orbital module descent module service module

(Source: © NASA)
The astronauts return to Earth in the descent module.

Before entering the Earth’s atmosphere, the modules separate.

The orbital module (O) and service module (S) move away from the descent module (D)
in opposite directions, as shown below.

0.82ms " : @ C 0.58ms"

(a) Determine the velocity v of the descent module after separation.

You should only consider momentum along a horizontal line through the centres of
the three modules.

mass of O = 1350kg
mass of D =2950kg
mass of S =2100kg

20

Magnitude of V.= Direction of v= ...
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(b) The velocity of the descent module can be changed using a rocket motor. The rocket
motor ejects hot gases at high velocity.

(1) Explain why the velocity of the descent module changes when the rocket motor
is used.

Your answer should refer to Newton’s laws of motion.

(1)) When the rocket motor is operating, the velocity of the descent module changes
by 0.58ms during a time of 5.0 seconds.

mass of descent module = 2950kg

Calculate the average force exerted on the hot gas during this time.

Average force = ...

(Total for Question 16 = 10 marks)
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17 In a game called ‘High Striker’ a person hits a button with a hammer. This causes a
cylinder to move towards the bell at the top, as shown.

bell

hammer head

(a) The kinetic energy of the hammer head as it hits the button is greater than the
change in gravitational potential energy of the hammer head as it moves down.

Explain why.

§ J &

22
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(b) The hammer is initially at rest at its highest point. As the person moves the hammer
head towards the button, the average resultant force on the hammer head is 58 N.

The hammer head moves a distance of 1.2 m before hitting the button. The cylinder
must move 2.7 m upwards to hit the bell.

Deduce whether the cylinder hits the bell.

mass of cylinder = 0.15kg
efficiency of energy transfer = 4.0%

(c) If the velocity of the hammer head as it hits the button doubles, the height gained by
the cylinder does not double.

Explain why.

(Total for Question 17 = 10 marks)
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18 An object of mass 35kg fell from a boat to the seabed.
(a) The object reached terminal velocity as it fell.

(1) Show that the drag force acting on the object at terminal velocity was
about 200 N.

volume of object = 1.60 x 10> m’
density of seawater = 1.03 x 10°kg m™>

(3)
(i1) The drag force D on the object obeyed the formula
D=kv’
where v is the speed of the object.
Determine the terminal velocity of the object.
k=22Ns'm”
(2)

24
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(i11)) Give two reasons why Stokes’ law could not be used to calculate the terminal
velocity of the object.

(b) To lift the heavy object from the seabed, a diver used a ‘lift bag’.

The diver used compressed air from a cylinder to fill the lift bag, as shown.

compressed air
in cylinder

diver = object

When released, the lift bag and object accelerated upwards until they reached a
maximum velocity.

Explain why the lift bag and object reached a maximum velocity.

(Total for Question 18 = 12 marks)

TOTAL FOR SECTION B =70 MARKS
TOTAL FOR PAPER =80 MARKS
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List of data, formulae and relationships

Acceleration of free fall g=9.81ms? (close to Earth’s surface)
Gravitational field strength g=9.81Nkg' (close to Earth’s surface)
Unit 1
Mechanics
. . ) . (u +v)t
Kinematic equations of motion s = T
v=u+ at
s=ut + Sar?
2
vi=u*+ 2as
Forces XF=ma
F
g=—
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

26

moment = Fix

AW = FAs
_ 1o
Ek - Emv
AEgrav = mgAh
E
p=—=
t
w
p=
t
efficiency = useful energy 'Output
total energy input
efficiency = useful power .Output
total power input
_m
P vV
F= 67E77rv
AF = kAx
AE, = FAx
E=Z where
g
St _F
ress o v
. Ax
Strain € = —
X
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